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ischemia requiring intervention; renal failure requiring permanent dialysis; bowel
obstruction, ischemia, or fistula; stroke with permanent deficit; paralysis).

The study results for the primary endpoint, 6-month treatment success, were
explored in patients treated with the Zenith Fenestrated AAA Endovascular Graft
and in matched patients treated with the standard Zenith AAA Endovascular
Graft. The study additionally provided for assessment of morbidity, mortality,
aneurysm size change, endoleak, migration, device integrity, and secondary
interventions. i

The key safety and effectiveness outcomes for this study are presented below in tables
22-33.

1.0 Technical Success

Technical success is defined as successful access of the aneurysm site and
deployment of the Zenith Fenestrated AAA Endovascular Graft in the intended
location, with all vessels targeted by fenestrations patent at the completion of the
procedure. Table 22 reports the technical success results for the Zenith
Fenestrated AAA Endovascular Grafi.

Table 22. Technical success

Measure Percent (n/N)
Technical success 100.0% (42/42)

2.0 6-month Treatment Success (Primary Endpoint)

Treatment success is defined as technical success plus freedom from the
following at 6 months: Type I and Type L1l endoleak, aneurysm growth >0.5 cm,
any AAA-related serious adverse event (death, rupture, conversion), and any
AAA-related major complication (Q-wave MI; congestive heart failure; cardiac
ischemia requiring intervention; renal failure requiring permanent dialysis; bowel
obstruction, ischemia, or fistula; stroke with permanent deficit; paralysis). Of 42
patients enrolled in the clinical study, 40 were evaluable for the primary endpoint
analysis {two patients were lost to follow-up). Table 23 reports the 6-month
treatment success for the Zenith Fenestrated AAA Endovascular Graft, as
compared to the matched patients treated with the standard Zenith AAA
Endovascular Graft. Propensity score methods with a pre-specified one-to-one
global matching algorithm were used to select patients from the Zenith AAA
Endovascular Graft multicenter study. The 6-month freatment success was 97.5%
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in the Fenestrated endovascular treatment group compared to 95% in the matched
Zenith AAA cohort. '

Table 23. Results for 6-month treatment success

: Zenith o :
Measure Fenestrated Zenith AAA
Treatment success 97.5% (39/40)' 35.0% (33/40)1

"Failure due to bowel ischemia
*Failure due to congestive heart failure in one and congestive heart failure as well as cardiac
1schemia requiring intervention in another

3.0 Adverse Events
3.1 Major Adverse Events

Table 24 reports the Kaplan-Meier survival estimates for freedom from major
adverse events (MAE) within 30 days (death, Q-wave MI, bowel ischemia,
paralysis, stroke, reintubation, renal failure requiring dialysis). One Zenith
Fenestrated patient experienced a major adverse event within 30 days (bowel
ischemia, which resolved with antibiotics and IV fluids). There were no MAEs in
the Zenith AAA group within 30 days.

Tabie 24. Results from Kaplan-Meier analysis for freedom from 30-day MAE

Zenith
Event Parameter Fenestrated
Any MAE Number at risk 41
Cumulative events 1
Cumuiative censored .0
Kaplan-Meier estimate 0976
Standard error 0.024
Death Number at risk 42
Cumuliative events 0
Cumulative censored 0
Kaplan-Meier estimate 1.000
Standard error 0.000
Q-wave MI Number at risk 42
Cumulative events 0
Cumulative censored 0
K aplan-Meier estimate 1.000
Standard error 0.000
Bowel ischemia Number at risk 41
Cumulative events ]
Cumulative censored 0
Kaplan-Meier estimate 0.976
Standard error 0.024
Paralysis Number at risk 42
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Zenith
Event Parameter Fenestrated

Cumulative events v}
Cumulative censored 0

Kaplan-Meier estimate 1.000

Standard etror 0.000
Stroke Number at risk 42
| Cumulative events 0
Cumulative censored 0

Kaplan-Meier estimate 1.000

- Standard error 0.000
Re-intubation Number at risk 42

Cumulative events 0
Cumulative censored 0

Kaplan-Meier estimate 1.000

Standard error 0.000
Renal failure Number at risk 42
requiring dialysis | Cumulative events 0
Cumulative censored 0

Kaplan-Meier estimate 1,000

Standard error 0.000.

3.2 Serious Adverse Events

K-40

Table 25 provides the Kaplan-Meier estimates for freedom from death (all-cause

and AAA-related , which was defined as any death occurring within 30 days of

the initial implant procedure or secondary intervention, or any death determined

by an independent clinical events committee (CEC) to be related to the AAA

repair), rupture, and conversion. The cause of death was unknown in one patient

from the Zenith Fenestrated group, which the CEC was therefore unable to

adjudicate —~ this was the only patient death counted as AAA-related in the Zenith

Fenestrated group. No aneurysm ruptures or conversions to open repair where

reported in the Zenith Fenestrated group.

Table 25. Results from Kaplan-Meier analysis for serious adverse events

- 30 365 730 1095 1460 1825
Event Group Parameter Days Days Days Days Days - | Days
Ali-cause Zenith Number at risk 42 36 27 20 19 14
mottality Fenestrated Cumulative events 0 1 2 4 4 4
Cumulative censored 0 5 13 18 19 24
Kaplan-Megier ¢stimate 1.000 0.976 0.943 0.861 0.861 0.861
Standard error 0.000 0.024 0.040 0.066 0.066 0.066
Zenith AAA Number at risk 33 32 30 30 28 17
Cumulative events 0 Q 2 2 2 2
Cumulative censored 0 1 1 1 3 14
Kaplan-Meier estimate | 1.000 1.000 0.938 0.938 0938 | 0938
Standard error 0.000 0.000 - 0.043 0.043 0.043 0.043
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30 365 730 . 1095 1460 1825

Event Group Parameter Days Days Days Days Days Days
AAA- Zenith Number at risk 42 36 27 20 i9 14
related Fenestrated Cumulative events 0 1] 0 it 1 1
mortality Cumulative censored 0 6 15 21 22 27

Kaplan-Meier estimate | 1,000 1.000 1.000 0.955 0.955 0.955
Standard error .000 0.000 0.000 0.044 0.044 0.044
Zenith AAA Number at risk 33 32 30 30 28 17
Cumulative events 0 0 0 0 0 0
Cumulative censored 0 1 3 3 5 16
Kaplan-Meier estimate | 1.000 1.060 1.000 1.000 1.000 1.000
Standard error 0.000 0.000 0.000 0.000 0.000 0.000
Rupture Zenith Number at risk 42 37 28 21 21 18
Fenestrated Cumulative events 0 0 0 0 0 0
Cumulative censored 0 5 14 21 21 24
Kaplan-Meier estimate | 1.000 1.000 1.000 1.000 1.000 1.000
Standard error 0.000 0.000 0.000 0.000 0.000 0.000
Zenith AAA Number at risk 33 32 30 30 28 17
Cumulative events 0 [ 1 1 1 |
Cumulative censored ] 0 2 -2 4 15
Kaplan-Meier estimate [ 1.000 0.970 0.970 0970 0.970 0.970
Standard error 0.000 0.030 0.030 0.030 0.030 0.030
Conversion | Zenith Number at risk 42 37 28 21 21 18
Fenestrated Cumulative events 0 0 0 0 0 0
Cumulative censored 0 § 14 21 21 24
Kaplan-Meier estimate | 1.000 1.000 1.000 | 1.000 1.000 1.060
Standard error 0.000 0.000 0.000 0.000 0.000 0.000
Zenith AAA Number at risk 33 32 30 30 28 17
Cumulative events 0 1 | 1 1 1
Cumulative censored 0 0 2 2 4 is
Kaplan-Meier estimate | 1.000 0.970 0970 0.970 0.970 0.970
Standard error 0.000 0.030 0,030 0.030 0.030 0.030

' case of death that the CEC was unable to adjudlcate which was conservatively counted as
AAA-related for the purpose of analysis.

3.3 Pre-specified Adverse Events by Organ System

Table 26 reports the Kaplan-Meier survival estimates for freedom from pre-
specified cardiovascular, pulmonary, renal, Gl, wound, neurologic, and vascular
events reported by the investigative sites. The procedure-related incidence {i.e.,
within 30 days) of cardiovascular, pulmonary, gastrointestinal, wound, and
neurologic events appeared comparable between Zenith Fenestrated and Zenith
AAA, and the occurrence of events in these categories beyond 30 days was not
surprising given the pre-existing comorbid conditions of the patient populations,
The percent of patients experiencing renal events or vascular events within 30
days trended higher for Zenith Fenestrated compared to Zenith AAA patients, the
details of which are discussed further in Sections 3.4 and 3.5, respectively.
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Table 26. Kaplan-Meier estimates (freedom from morbidity, by category)
Category Group Parameter 30 365 730 1095 1460 1825
Days Days Days Days Days Days
Cardiovascular’ | Zenith Number at risk 40 30 21 15 L5 10
Fenestrated Cumulative events 2 6 7 8 8 10
Cumulative censored 0 6 14 19 19 22
Kaplan-Meier estimate | 0952 | 0854 | 0817 | 0.766 | 0.766 0.656
Standard error 0.033 0.055 0.064 | 0.078 0.078 0.098
Zenith AAA Number at risk . 29 27 24 24 23 14
Cumulative events 4 5 4] 6 6 6
Cumulative censored 0 1 3 3 4 13
Kaplan-Meier estimate | 0.879 0.848 0817 | 0.817 0.817 0.817
: Standard error 0.057 0.062 0.068 | 0.068 0.068 0.068
Pulmonary* Zenith Number at risk 41 32 24 18 17 12
Fenestrated Cumulative events 1 4 4 5 5 [
Cumulative censored 0 6 14 19 20 24
Kaplan-Meier estimate | 0.976 0.903 0903 |+ 0855 0.855 0.798
Standard error 0.024 0.046 0.046 | 0.064 0.064 0.081
Zenith AAA Number at risk 33 32 29 29 28 17
Cumulative events 0 0 i 1 1 1
Cumulative censored 0 1 3 3 4 15
Kaplan-Meier estimate | 1.000 1.000 0969 | 0.969 0.96% 0.969
Standard error 0.000 0.000 0.031 0.031 0.031 0,031
Renal® Zenith Number at risk 37 30 21 15 14 10
Fenestrated Cumulative events 5 6 8 9 10 10
Cumulative censored 0 6 13 18 18 2
Kaplan-Meier estimate | (.881 0.856 0.791 0.742 0.692 0.692
Standard error 0.050 0.054 0.067 | 0.079 0.088 0.088
Zenith AAA Number at risk 33 3l 29 29 27 16
Cumulative events 0 1 1 1 | 1
Cumulative censored 0 { 3 3 5 16
Kaplan-Meier estimate 1.000 0970 0970 | 0970 0.970 0.970
Standard error 0.000 0.030 0.030 | 0.030 0.030 0.030
ar' Zenith ‘ Number at risk 40 33 23 20 19 14
Fenestrated Cumulative events 2 2 2 2 2 2
Cumulative censored 0 7 15 20 21 26
Kaplan-Meier estimate | 0,952 0.952 0.952 | 0952 0952 0.952
Standard error 0.033 0.033 0.033 | 0.033 0.033 0.033
Zenith AAA Number at risk 33 32 30 30 28 17
Cumulative evenis 0 0 0 0 0 0
Cumulative censored 0 1 3 3 5 16
Kaplan-Meier estimate | 1.000 1.000 1.600 | 1.000 1.000 1.000
Standard error 0.000 0.000 0.000 { 0.000 0.000 0.000
Wound® Zenith Number at risk 41 32 24 19 18 13
Fenestrated Cumulative events | 3 3 3 3 3
Cumulative censored 0 7 15 20 21 26
Kaplan-Meier estimate | 0.976 0.927 0.927 0.927 0.927 0.927
Standard error 0.024 0.041 0.041 0.041 0.041 0.041
Zenith AAA Number af risk 32 31 29 29 26 15
Cumulative events l 1 1 | 2 2
Cumulative censored 0 1 3 3 5 16
Kaplan-Meier estimate 0.970 0.970 0.970 0.970 0.936 0.936
Standard error 0.030 0.030 0.030 | 0.030 0.044 0.044
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Category Group Parameter 30 365 730 1095 1460 1825
Days Days Days | Days Days . | Days
Neurologic® Zenith Number at risk 42 35 26 19 18 13
Fenestrated Cumulative events 0 1] 0 1 1 1
Cumulative censored 0 7 16 22 - 23 28
Kaplan-Meier estimate 1.000 1.000 1.000 | 0950 0.950 0.950
Standard error 0.000 | 0.000 0.000 | 0.049 0.049 0.049
Zenith AAA Number at risk 33 32 28 28 | 26 15
Cumulative events 0 0 2 2 2 2
Cumulative censored 0 1 -3 3 5 16
Kaplan-Meier estimate | 1.000 1.000 0934 | 0934 0.934 0.934
Standard error 0.000 0.000 0.045 | 0.045 0.045 0.045
Vascular’ Zenith Number at risk 34 28 20 17 16 10
Fenestrated Cumulative events 8 8 8 8 8 9
Cumulative censored 0 6 14 17 18 23
Kaplan-Meier estimate | 0.810 0.810 | 0810 | 0810 0.810 | 0759
Standard error 0.061 0.061 0.061 0.061 0.061 0.075
Zenith AAA Number at risk 30 28 26 26 23 13
' Cumulative events 3 4 4 4 5 5
-| Cumulative censored 0 1 3 3 5 15
Kaplan-Meier estimate | 0.909 0.879 0.879 | 0.879 0.845 0.845
Standard error 0.050 0.057 0.057 | 0.057 0.064 0.064

TCardiovascular pre-specified events: cardiac ischemia requiring intervention, inotropic support,
Q-wave MI, non-Q-wave MI, congestive heart failure (CHF), arrhythmia requiring intervention or
new treatment, and medically intractable hypertension.

Pulmonary pre-specified events: prieurmonia requiring antibiotics, supplemental oxygen at
discharge, ventilation (>24 hours and >72 hours), and re-intubation. '

*Renal pre-specified events: renal failure requiring dialysis, renal insufficiency, renal infarct, and
occlusion of fenestrated renal vessel,

‘Gl pre-specified events: bowel obstruction, bowel ischemia/mesenteric ischemia, paralytic ifeus
>4 days, and aorto-enteric fistula.

i 5Wound_pre~speciﬁed events: incisional hernia, wound infection requiring antibiotic treatment,

wound complication requiring return to the operating room {OR}, seroma requiring treatment,
lymph fistula, and wound breakdown requiring debridement. '

®Neurologic pre-specified events: transient ischemic attack (T1A)/reversible ischemic neurological
deficit (RIND}, stroke, spinal cord ischemia/paralysis,

Mascular pre-specified events: embolization resulting in tissue loss of requiring intervention; limb
thrombosis, aneurysm leak/rupture, pseudoaneurysm, increase in aneurysm size by >0.5 e¢m,
vascular injury, and post-procedure transfusion,

3.4 Renal Adverse Events

Given the involvement of the renal arteries in the repair with a fenestrated graft,
there is an expected higher risk for renal adverse events as compared to use of a
standard, non-fenestrated endograft. Renal morbidity was therefore closely
monitored during the study by evaluating several pre-specified events (renal
infarct, renal insufficiency, renal failure requiring dialysis, occlusion of a
fenestrated renal vessel). Table 27 reports the Kaplan-Meier estimates for
freedom from these pre-specified renal morbid events. Also inclided in Table 27
is the Kaplan-Meier estimate for freedom from stenosis/compression events that
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required reintervention, as also counted (as device/renal stenosis) in Table 33
(Reasons for Secondary Intervention).

There were five incidental findings of renal infarct on imaging (without an
associated clinical event). Each occurred in a patient from the Zenith Fenestrated
group that had some degree of calcification/thrombus in the sealing zone (one also
with a history of infarct and coverage of an accessory renal artery at the time of
the procedure).

Renal insufficiency was observed in Zenith Fenestrated (n=3) as well as Zenith
AAA (n=1) patients. One of the Zenith Fenestrated patients with renal
insufficiency was also the only patient in either group to require dialysis, which
the CEC judged to be unrelated to AAA repair due to undetiying renal
dysfunction. Renal insufficiency in one of the other patients from the Zenith
Fenestrated group was also judged unrelated to AAA repair by the CEC due to
underlying renal dysfunction.

There were two reports of renal ocelusion in the Zenith Fenestrated group, neither
of which was associated with graft migration. One required reintervention and
occurred in a patient with suboptimal placement of the renal stent in the
middle/upper portion of the fenestration,

There were seven patients with stenosis/compression events requiring secondary
intervention (one associated with migration), four of which had a peak systolic
velocity <280 cm/s prior to reintervention.

Table 27. Kaplan-Meier estimates for freedom from pre-specified renal events occurring in
either Zenith Fenestrated or Zenith AAA (regardless of whether determined by the clinical
events committee to be related or unrelated to AAA repair) and also stenosis/compression
events requiring reintervention in Zenith Fenestrated '

Category Group Parameter k1] 365 730 1095 1460 1825
Days Days Days Days Days Days
Renal infarct* Zenith Number at risk 37 31 24 19 18 14
Fenestrated Cumulative events 5h2345 5 5 5 5 5
Cumulative censored 0 6 13 18 19 23
Kaplan-Meier estimate | 0.881 | 0.881 | 0.881 | 0881 | 0.8%1 | 0.88%
Standard error 0.050 0.050 0.050 0.050 0.050 0.050
Zenith AAA Number at risk 33 32 30 30 28 17
Cumulative events 0 0 0 0 0 0
Cumulative censored 0 1 3 3 5 16
Kaplan-Meier estimate | 1,000 1.000 1.060 1.000 1.000 1.000
Standard error 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
Renal Zenith Number gt risk 42— a5 25 18 16 H
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insufficiency** | Fenestrated Cumulative events 0 0 ¢ 2 3* 3
{on two or more Cumulative censored 0 7 16 22 23 28
follow-up tests) Kaplan-Meier estimate | 1.000 | 1.000 | 0963 | 0912 | 6.862 | 0.862
Standard error 0.000 0.000 0.036 0.060 0.075 0.075
Zenith AAA Number at risk i3 31 29 29 27 16
Cumulative events 0 1 1 { 1 1
Cumulative censored 0 | 3 3 5 16
Kaplan-Meier estimate | 1.000 0.970 0.970 0.970 0.970 0.970
‘ Standard error 0.000 | 0.030 | 0.030 | 06030 [ 0.030 | 0.030
Dialysis*** Zenith Number at risk 42 35 26 20 18 © 13
Fenestrated Cumulative events 0 -0 0 0 18 1
Cumulative censored 0 7 16. 22 23 28
Kaplan-Meier estimate | L.000 | LOOO | 1.000 | 1.000 | 0947 | 0947
Standard error 0.000 | 0.000 | 0.000 | 0.000 | 0.051 0.051
Zenith AAA Number at risk 33 32 30 30 28 17
' Cumulative events 0 0 0 0 0 0
‘| Cumulative censored 0 1 3 3 5 16
Kaplan-Meier estimate | 1.000 [ 1000 | 1.000 | 1.000 [ 1.000 | 1.000
Standard error 0.000 | 0.000 | 0000 | 0.000 | 0.000 | 0.000
Renal occlusion | Zenith Number at risk 42 34 24 18 18 13
Fenestrated Cumulative events 0 1° 210 2 2 2
Cumulative censored 0 7 16 byl 22 27
Kaplan-Meier estimate | 1.000 | 0975 | 0.945 | 0945 | 0945 § 0.945
Standard error 0.000 | 0025 | 0.038 | 0.038 | 0.038 | 0.038
Zenith AAA Number at risk 13 32 30 30 28 17
Cumulative events 0 0 0 0 0 0
Cumulative censored 0 1 3 3 5 16
Kaplan-Meier estimate { 1,000 1.000 1.000 1.000 1.000 1.000
Standard error 0.0600 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
Stenosis/ Zenith : Number at risk 41 33 24 18 16 11
compression Fenestrated Cumulative events e 3Le 4!t 51 6 7'
requiring Cumulative censored 0 6 14 19 20 24
reintervention Kaplan-Meier estimate | 0.976 [ 0927 | 0897 | 0.850 | 0.800 | 0.747
Standard error 0.024 | 0.040 | 0.049 | 0.065 0.078 | 0.089

*As reported by sites, regardiess of whether confirmed by core lab.

**Creatinine rise >2 mg/dl and >30% from baseline.

***Although dialysis in patients with a normal pre-operative renal function was pre-specified, the
analysis was performed with consideration to dialysis in any patient.

Y0111011) Incidental finding on imaging without an associated clinical event at the time of
reporting; patient noted to have (mild) thrombus and calcification in the seal zone on pre-
Pmcedure imaging.

(0511009) Incidental finding on imaging without an associated clinical event at the time of
reporting; patient noted to have (mild) thrombus and calcification in the seal zone on pre-
procedure imaging; patient also with bilateral renal artery stenosis {uncovered, balloon-expandable
316L stainless steel biliary stent) treated with bilateral angioplasty and stenting, No evidence of
graft migration or stent deformation, suggesting the stenosis may have resulted from local
thrombus fermation or intimal hyperplasia within the stented segment.

3(0511010) Incidental finding on imaging without an associated clinical event at the time of
reporting; patient noted to have (moderate) thrombus and (mild) calcification in the seal zonc on

_Pre-procedurt: imaging; patient also with hydronephrosis on POD# 237.

(1111002) Incidental finding on imaging without an associated clinical event at the time of
reporting; patient noted to have (moderate) calcification in the seal zone as well as renal infarct on

pre-procedure imaging, and also underwent intentional coverage of an accessory renal artery at the -

time of aneurysm repair.
*(1111007) Incidental finding on imaging without an associated clinical event at the time of
reporting; patient noted to have {mild) calcification in the seal zone on pre-procedure imaging;
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patient also with renal insufficiency (creatinine rise >2 mg/dl and >30% from baseline) on a single
follow-up (at POD# 424),
5(0211010) Patient with a decrease in GFR >30% at the 24-month follow-up, but not on
subsequent follow-up at 36 months. The patient underwent secondary intervention to treat a Type
Il endoleak (on POD# 239) and hospitalization for congestive heart failure treated with Lasix {on
POD# 314), but there were no reports of renal artery stenosis or occlusion at any time point,
STon 1006) Patient also with renal calculi noted on POD# 214 all events (renal calculi, renal
msuff'clency, and dialysis) were determined un-related to AAA repair by the CEC.

}(0421001) Patient also with stenosis of an unstented renal artery proximal to the graft margin,
which underwent stenting on POD# 1221; all events (renal insufficiency and sterlosis) were
determined un-related to AAA repair by lhe CEC,

*(0211008) No evidence of graft migration, but with compression of the fenestration stent
{uncovered, balloon-expandable 316L stainless stecl biliary/renal stent), due likely to suboptimal
depioyment of the renal stent into the middle/upper portion of the fencslrauon patient underwent
secondary intervention (ilio-renal bypass).

"(0611003) No.evidence of graft migration or fenestration stent compression (uncovered, balloon-
expandable 316L stainless steel biliary/iliac stent), suggesting occlusion likely resulted from the
development and progression of thrombus or intimal hyperplasia within the stented vessel; patient ~
did not undergo secondary intervention; patient also with site-reported atrophy of kidney (on
POD# 177).

'' (0211011} Angiography revealed that the right renal artery was severely stenosed. Attempted
eannulation was unsuccessful, as the fenestration stent (Zenith® Alignment Stent} was not flared at
the time of the initial implant procedure. No evidence of graft migration or stent deformation,
suggesting the stenosis may have resulted from local thrombus formation or intimal hyperplasia
within the stented segment,

12‘(01 11008} Right renal artery stenosis (uncovered, balloon-expandable 316L stainless steel
biliary stent) was treated by angioplasty and additional stent placement, No evidence of graft
migration or stent deformation, suggesting the stenosis may have resulted from local thrombus
formauon or intimal hyperplasia within the stented segment.

1 {0111014) Bilateral renal artery stenoses (uncovered, balloon- -expandable 316L stainless steel
biliary stent) were treated by angioplasty and additional stent placement. No evidence of graft
migration or stent deformation, suggesting the stenosis may have resulted from local thrombus
formation or intimal hyperplasia within the stented segment,
¥ (021 1007) Right renal artery stenosis (uncovered, balloon-expandable 316L stainless steel
biliary/renal stent) was treated by angioplasty and additional stent placement. No evidence of
graft migration or stent deformation, suggesting the stenosis may have resulted from local
lhrombus formation or intimal hyperplasia within the stented segment.

15 (0511006) Right renal astery stent compression and subsequent stenosis {uncovered, balloon-
expandable 315L stainless steel biliary stent) treated by angioplasty and stent placement,
Compression of fenestration stent associated with graft migration {approximately 12 mm by 24
months) due likely to longitudinal progression of disease with further aortic neck dilatation.

* (0511003) Left renal artery stenosis {uncovered, balloon-expandable 3 161, stainless steel biliary
stent} from slight compression of fenestration stent (with no measurable graft movement > 5 mm)
treated by angioplasty and stent placement.

3.5 Vascular Adverse Events

Table 28 provides the Kaplan-Meier estimates for freedom from pre-specified
vascular events occurring in either the Zenith Fenestrated or Zenith AAA groups.
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While the overall occurrence of vascular events trended higher in Zenith
Fenestrated compared to Zenith AAA, this was due to a higher incidence of post-
procedure transfusion in the Zenith Fenestrated group. A likely reason for the
greater number of patients requiring a post-procedure transfusion in Zenith
Fenestrated compared to Zenith AAA is the expected longer procedure times for
Zenith Fenestrated {252.2 + 75.5 minutes for Zenith Fenestrated vs. 160.6 + 60.6

minutes for Zenith AAA) and correspondingly greater amount of procedural
blood loss (537.4 + 498.5 cc for Zenith Fenestrated vs. 281.2 + 1924 cc for
Zenith AAA).

Table 28. Kaplan-Meier estimates for freedom from pre-specified vascular events occurring
in either Zenith Fenestrated or Zenith AAA

. 30 365 730 1095 1460 1825
Event Group Parameter Days | Days Days Days Days Days
Embolization Zenith Number al risk 41 34 25 19 18 13
resulting in Fenestrated Cumulative events 1 1 1 1 1 1
tissue loss or Cumulative censored 0 7 16 22 23 28
requiring Kaplan-Meier estimate | 0.976 | 0.976 .| 0.976 | 0976 | 0976 | 0976
intervention Standard error 0.024 | 0024 | 0.024 | 0024 | 0024 | 0024
Zenith AAA Number at risk 33 32 30 30 28 17
Cumulative events 0 ; 0 0 0 0
Cumulative censored 0 1 3 3 5 16
Kaplan-Meier estimate | 1.000 | 1.000 | 1.000 [ 1.000 ] 1.000 | L.0GO
Standard error 0.060 | 0.000 [ 0.000 | 0.000 § 0.000 | 0.000
Limb thrombosis | Zenith Number at risk 42 33 26 20 19 4
Fenestrated Cumulative events 0 0 0 0 0 0
Cumulative censored 0 7 16 22 23 .28
Kaplan-Meier estimate | 1.000 | 1.000 1.000 1.000 | L.000 | 1.000
Standard error 0.000 | 0.000 0.000 0.000 0.000 0.000
Zenith AAA Number at risk 33 31 29 29 27 16
Cumulative events 0 1 1 1 1 1
Cumulative censored 0. 1 3 3 5 16
Kaplan-Meier estimate | 1,000 [ 0970 | 0970 | 0970 | 0570 | 0970
Standard error (0.000 | 0.030 | 0.030 | 0.030 | 0.030 | 0.030
Post-procedure Zenith Number at risk 34 28 20 17 I6 10
transfusion Fenestrated Cumulative events 8 8 8 8 8 9
Cumulative censored 0 6 14 17 18 23
Kaplan-Meier estimate | 0.810 [ 0.810 0.810 0.810 0.810 0.759
Standard error 0.061 | 0.061 0.061 0.061 0.061 0.075
Zenith AAA Number at risk 30 29 27 27 24 14
Cumulative events 3 3 3 3 4 4
Cumulative censored 0 1 3 3 5 - 15
Kaplan-Meier estimate | 0.909 | 0909 | 0909 | 0909 | 0.875 | 0875
Standard error 0.050 | 0.050 (0.050 0.050 0.058 0.058

4.0 Device Performance
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The following tables provide information regarding performance of the Zenith
Fenestrated AAA Endovascular Graft in terms of aneurysm size change,
endoleak, migration, integrity, and need for reintervention.

Table 29 reports the percent of patients with an increase (> 5 mm), decrease

(> 5 mm), or no change (< 5 min) in aneurysm size at each follow-up time point,
as compared to pre-discharge based on the results from core lab analysis. There
were two cases of ancurysm expansion, both of which occurred in patients with a
persistent Type [I endoleak. .

Table 29. Change in aneurysm size based on results from core lab analysis'

12- 24- 36- 48- 60-
ltem 1-month | 6-month month month | month month month
Increase 0.0% 0.0% 0.0% 0.0% 6.7% 6.3% 0.0%

(>Smm) 039) | (038) | (0R9) | (026 | ansy | aney | 1)

Decrease 2.6% 50.0% 69.0% 69.2% 73.3% 75.0% 72.7%
(>5mm) (1/39) (19/38) (20/29) (18/26) (11/15) (12/16) 8/11)

Nochange | 97.4% | 50.0% | 31.0% | 308% | 200% | 188% | 27.3%
(<smm) | (38739) | (1938) | (929 | 326) | @15 | Gne | @nn

"Core lab analysis, so the denominators arc not consistent with the information provided in Table
10 that reports site submitted data.
?Patient 0511004 had a persistent Type 1 endoleak requiring secondary intervention at 1393 days
;)osl-proccdure.

Patient 0211010 had a persistent Type 11 endoleak requiring secondary intervention at 239 days
post-procedure, but the Type Il endoleak was stil! evident on the 48-month exam.

Table 30 reports endoleaks by type, as assessed by the core lab at each exam
period. Except for two endoleaks of unknown type, all other reported endoleaks
were Type 1L

4 April 2012

vy



Supplement to P020018: Zenith® Fenestrated AAA Endovascular Graft K-49
Appendix K: SSED :
Table 30. Endoleak based on results from core lab analysis
Pre- 1- 6- 12- 24- 36- 48- 60-
Type discharge | month | month | month | month | month | month | month
Any (new 32.5% 2.4% 5.3% 0.0% 0.0% 0.0% 0.0% 0.0%
only) (13/40) | 141y | (288 | (029 | ©r6) | ©16) | ©16) | ©1D)
Any (new and 32.5% 22.0% 23.7% 27.6% 15.4% 12.5% 12.5% 0.0%
persistent) (13/40) | @11 | OR8) | (8729) | @rey | @16 | @16 | (onn)
Multiple 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
(0/40) /41y | ©38) | 029 | ©r6) | (016) | (©716) | (/1)
Proximal 0.0% 0.0% 0.0% 0.0%% 0.0% 0.0% 0.0% 0.0%
Type | (0/40) (0/41) | @38) | ©R9) | OR6) | (016) | (0/16) i ©/11)
Distal Type I 0.0% ¢.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
(0/40) (0/41) (0/38) (0/29) (0126) | (016) {0/16) (0/11)
Typell 30.0% 22.0% | 21.1% | 276% 15.4% 12.5% 12.5% 0.0%
(12/40} (9/41) (8/3%) (8/29) (4/26) (2/16) (2/16) /11
Type 111 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
(0/40) (0/41) {0/38) (0/29) (0/26) (0/16) (0/186) (0/11)
Type IV 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .0%
(0/40) (0/41) (0/38) (0/29) (0/26) (0/16) (0/16) (0/11)
Unknown 2.5% 0.0% 2.6% 0.0% 0.0% 0.0% 0.0% 0.0%
(1/40) @41y | (1738 | (029) | (026) | ©716) | ©16) | ©/11)

Table 31 reports the percent of patients with CEC-confirmed radiographic

migration (>10 mm) or clinically significant migration (measurable movement of

the stent-graft >5 mm and that developed a type I endoleak or renal

stenosis/occlusion with demonstrable deformation of the mating renal stent by

core lab) at each follow-up time point (date of first occurrence). There were two

reports of migration, one of which required secondary intervention (due to

associated renal stenosis). Neither case was associated with aneurysm growth or

endoleak. Both cases of migration occurred in patients with evidence of disease

progression at follow-up (without aneurysm pressurization).

Table 31. CEC-confirmed migration (date of first occurrence)

1- 6- 12- 24- 48- 60-

ltem month month month month month month month
Radiographic 00% | 0.0% 0.0% 3.6%' 0.0% 0.0% 9.1%!
migration (0/40) | (0/38) | (0/30) {1728) (0/16) ©16) | (111)
Sgﬁ:?i:ﬁt 0.0% | 00% | 00% | 36% | 00% | 00% | 00%
migration (0/40) | (0/38) | (0/30) (1728) 016y | (©16) | (0/11)

"Patient 0511006 with renal stenosis from associated stent compression (unicovered, balloon-
expandable 316L stainless steel biliary stent} requiring secondary intervention. Longitudinal
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progression of disease with further aortic neck dilatation likely resulted in migration, There was
no endoleak or increase in aneurysm size in this patient. The total amount of graft movement
detected at the time of the clinically significant migration was approximately 12 mm (relative to
the celiac).

patient 0511008 was without any associated renal stenosis requiring reintervention and
additionally did not have any endoleak or increase in aneurysm size. Longitudinal progression of
disease with further aortic neck dilatation likely resulted in migration. The total amount of graft
movement was approximately 10 mm (relative to the celiac), which retrospectively occurred over
60 months. No interventions have been performed on Lhis patient.

Device integrity observations are summarized in Table 32. Losses in device
integrity included three patients with barb separation, one patient with possible
fenestration stent fracture, and one patient with seal stent and fenestration stent
fracture (who also had evidence of disease progression during follow-up in the
absence of aneurysm pressurization). None of the integrity findings were

associated with adverse clinical sequelae or the need for reintervention.

Although not associated with a device integrity loss (i.e., fracture), other
observations included 4 cases with fenestration stent deformation/compression (1
also with migration, 3 without migration), 2 of which underwent reintervention to
treat stenosis.

Table 32. Device integrity findings by core lab {time of first occurrence)

Findin Pre- - 6- 12- 24- 36- 48- 60-
g discharge | month month month | month | month | month month
Stent-graft
Barb 0.0% 00% | 26% 3.4% 3.8% 0.0%, 0.0% 0.0%
separation (0/42) (o) | QB9 | a9 | 026" | ©16) | i | AN
Stent fracture 0.0% 0.0% 0.0% 3.4% 0.0% 0.0% 0.0% 0.0%
{single) (0/42) (0/41) (0139 (1729)* | -(0/26) {0/16) 017 011
Stent fracture 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0%
{multiple) (0/42) (0/41) (0/39) {0/29) {0/26) (0/16) (0/17) /1)
Component 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
separation (0/42) (04 1) (0/39) {0/29) (0/26) {0/16) (017 (W10
Limb 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
separation (0/42) (0141} 0/39) (0/29) (0/26) {0/16) 017 (/11
Stent-to-graft 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
separation (0/42) (0/41) (0/39) (0/29) {0/26) {0/16) (¥17) (0/11)
Other 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
(0/42) (0/41) (0/39) (0/29) {0/26) (0/16) 0Nnn (0/11})
Fenestration stent

4 April 2012



Supplement to P020013: Zenith® Fenestrated AAA Endovascular Graft - K-51
Appendix K: SSED

Eracture 0.0% 0.0% 2.6% 34% | 00% | 00% | 00% | 0.0%
{0/42) (0/41) (1739 | (29 | 026y | (08) | (0/17) onn
Seoaration 0.0% 0.0% 0.0% 0.0% | 00% | 00% | 00% | 0.0%
paratio ©42) | 41 | ©39) | o9 | ©n6) | ©16 | ©171 | ©1n
0.0% 0.0% 7.7% 34% | 00% | 00% | 00% | 00%

Other 5,8 ]
oy | s | 3B aney | e | one | ©oan | @)

T Patient 0421003: Separation of a single fixation barb. No clinical sequelae related to the barb
separation have been reported,

® Patient 0111009; Separation of a single fixation barb. No clinical sequelae related to the barb
separation have been reported.

¥ Patient 0511008; Separaticn of two barbs. No clinical sequelae related to the barb separation
have been reported, although radiographic migration {(approximately 10 mm over 3 years) was
observed and was due likely to longitudinal progression of disease with further aortic neck
dilatation.

* Patient 041 100}: Fracture of sealing stent {at the distal edge of the scallop fenestration) and left
renal fenesiration stent (uncovered, balloon-expandable 3 16L stainless steel biliary/iliac stent), but
in a patient with progressive aneurismal disease within and proximal to the treated segment, which
likely resulted in uncharacteristic tension/loading of the stents. No subsequent renal events,
endoleak, or secondary interventions reported in this patient.

* Patient 0511010: Fracture of left renal fenestration stent (Zenith® Alignment Stent) not readily
confirmed based on subsequent bench top CT imaging studies that showed the same appearance of
fracture, but in an entirely intact stent,

§ Patient 111101 1: Deformation of fenenstration stent (Zenith® Alignment Stent) with no
measurable graft movement > 5 mm and not requiring secondary intervention.

7 Patient 0511003 Slight compression of fenestration stent (uncovered, balloon-expandable 3161
stainless steel biliary stent) with no measurable graft movement > 5 mm. Angioplasty and stent
?lacemem was performed 13539 days post-procedute to treal stenosis.

Patient 0511007: Slight compression of fenestration stent (uncovered, balloon-expandable 316L
stainless steel biliary stent) with no measurable graft movement > 5 mm and not requiring
secondary intervention. ‘
® Patient 0511006: Compression of fenestration stent (uncovered, balloon-expandable 3161,
stainless steel biliary stent) associated with graft migration (approximately 12 mm by 24 months)
due likely to longitudinal progression of disease with further aortic neck dilatation. Angioplasty
and stent placement were performed 883 days post-procedure to treat stenosis.

Table 33 summarizes the site reported reasons for secondary intervention. Of the
11 patients who underwent a secondary intervention, 7 did so because of renal
stenosis (1 associated with graft migration and stent deformation, 1 associated
with stent deformation without migration). In 4 patients, the peak systolic
velocity was <280 cm/s prior to reintervention. The other reported reasons for
reinter_vention included renal occlusion in 1, Type Il endoleak in 2, and suspected
Type I endoleak in 1 (ruled out by angiogram).

Table 33. Reasons for secondary intervention (as reported by site)

0-30 | 31-365 366-730 | 731-1095 | 1096-1460 | 1461-1825
Days Days Days Days Days Days

Reason
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Reason 0-30 | 31-365 366-730 | 731-1095 | 1096-1460 | 1461-1825
Days Days Days Days Days Days

Aneurysm rupture 0 0 0 . 0 0 0

Symptoms 0 0 0 0. 0 0

Device/renal stenosis 1 254 17 13 i° t!

Device migration 0 "0 0 0 0 0

Device separation 0 0 0 0 0 ]

Occlusion 0 1 0 0 0 0

Device kink - 0 0 0 0 0

Infection 0 0 0 0 0
Endoleak .

Type I proximal | 0 ¥ 0 0 0 0

Type | distal | 0 0 0 0 0 0

Type 1A (vessel perfusion) | 0 1 0 0 1o 0

Type LB {vessel perfusion) 0 0 0 -0 0 0

Type I (graft overlap joint) | 0 0 0 0 0 0

Type IV (through graft body) 0 0 0 0. 0 0

unknown 0 i 0 o . 0 0

Other 0 o 0 1 1" 0

Patient 0211011: Angiography revealed that the right renal artery was severely stenosed.
Attempted cannylation was unsuccessful, as the fenestration stent (Zenith® Alignment Stent) was
not flared at the time of the initial implant procedure. No evidence of graft migration or stent
deformation, suggesting the stenosis may have resulted from local thrombus formation or intimal
hyperplasia within the stented segment.

2 patient 0211008: Angiogram demonstrated occluded left renal artery with proximal compression
of the left renal stent (uncovered, balloon-expandable 316L stainless steel biliary/renal stent),
which was treated with iliorenal bypass. Compression without evidence of migration due likely to
suboptimal deployment of the renal stent into the middle/upper pottion of the fenestration

? Patient 0411004: Selective left renal angiography was performed for suspected Type 1 endoleak.
No type 1 endoleak was identified; however, Type Il endoleak was identified but not treated.

* Patient 0211010: Persistent Type H endolcak was treated by coil embolization,

? patient 0111008 Right renal artery stenosis {uncovered, balloon-expandable 316L stainless steel
biliary stent) was treated by angioplasty and additional stent placement. No evidence of graft
migration or stent deformation, suggesting the stenosis may have resulted from local thrombus
formation or intimal hyperplasia within the stented segment.

§ patient 0111014: Bilateral renal artery stenoses (uncovered, balloon-expandable 3 1 6L staintess
steel biliary stent) were treated by angioplasty and additional stent placement, No evidence of
graft migration or stent deformation, suggesting the stenosis may have resulted from local
thrombus formation or intimal hyperplasia within the stented segment,

? Patient 0211007: Right renat artery stenosis (uncovered, balloon-expandable 316L stainless steel
biliary/renal stent) was treated by angioplasty and additional stent placement. No evidence of
graft migration or stent deformation, suggesting the stenosis may have resulted from local
thrombus formation or intimal hyperplasia within the stented segment. :

® Patient 051 1006: Right renal artery sternt compression and subsequent stenosis {uncovered,
balloon-expandable 316L stainless steel biliary stent} treated by angioplasty and stent placement.
Compression of fenestration stent associated with graft migration (approximately 12 mm by 24
months) due likely to longitudinal progression of disease with further aortic neck dilatation,

® Patient 0511009 Bilateral renal artery stenosis (uncovered, balloon-expandable 316L stainless
steel biliary stent) was treated by bilateral angioplasty and stenting. No evidence of grait
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migration or stent deformation, suggesting the stenosis may have resulted from local thrombus
formation or intimal hyperplasia within the stented segment.

* Patient 0511004 Underwent diagnostic angiogram fot suspect Type Ila and Type Il endoleak
which were not detected at 1137 days post-procedure; additional intervention performed 1393
days post-procedure, involving laparotomy, suture ligation of IMA, and exptoration of aneurysm
sac as treatment for Type [1 endoleak with aneurysm growth.

" Patient 0511003; Left renal artery stenosis {uncovered, balloon-expandable 316L stainless steel
biliary stent) from slight compression of fenestration stent (with no measurable graft movement >
5 mm)} treated by angioplasty and stent placement.

>

5.0 Gender Subset Analysis

Cook evaluated possible sex/gender based differences in outcome following
treatment with the Fenestrated Graft. Table 34 shows the results of this subset
analysis for the primary endpoint {6-month treatment success). The ability to
draw conclusions from this analysis is limited given the small number of females
in the study, which is consistent with the expected demographics distribution for
patients with abdominal aortic aneurysms.

Table 34. 6-month treatment success by gender in the Zenith Fenestrated treatment group
and Zenith AAA control group

Sex Zenith Fenestrated Zenith AAA
Female 87.5% (/)" 100% {8/8)
Male 100% (32/33) 93.8% (30/32)°

*One failure due to bowel ischemia — patient recovered with antibiotics and [V fluids.
"Failure due to congestive heart failure in one and congestive heart failure as well as cardiac
ischemia requiring intervention in another

XI.  Summary of Supplemental Clinical Information

Over 200 patients have been treated with the Zenith Fenestrated AAA Endovascular
Grafi, beginning in 2001, as part of a single-center Cook-sponsored study and a
physician-sponsored study. For the physician-sponsored study, follow-up was originally
planned for 2 years, with 2-year study data available for.121 patients. Longer-term data
were provided for patients agreeing to return for additional follow-up.

While not observed in the multi-center study, there were six patients with component
separation (one resulting in rupture), each occurring on ot afier the 2-year follow-up and
requiring reintervention. There have since been no reports of component separation in
patients treated with graft compeonent lengths that were selected to preserve a minirmum
2-stent 6verlap over time.

As with component separation, and with consideration to patients treated with either a
fenestrated or visceral branch endovascular graft, there have been reports of problems
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involving renal/visceral stents. Occlusion occurred in 3.5% (18/518) of stents placed.
Stenosis occurred in 6.9% (36/518) of stents placed, of which 19:4% (7/36) required
reintervention. The incidence of stent fracture requiring reintervention was 66.7% {8/12).
Overall, there appeared no unique safety or effectiveness concerns based on the
supplemental information from these sources.

XII. Panel Meeting Recommendation and FDA’s Post-panel Action

In accordance with the provisions of section 515(c)2) of the act as amended by the Safe
Medical Devices Act of 1990, this PMA was not referred to the Circulatory System
Devices Panel, an FDA advisory committee, for review and recommendation because the
information in the PMA substantially duplicates information previously reviewed by this
panel.

XIII. Conclusions Drawn from Preclinical and Clinical Studies
A. Preclinical Conclusions

Comprehensive preclinical bench testing was performed on the Zenith Fenestrated AAA
Endovascular Graft with the H&L-B One-Shot Introduction System and Zenith
Alignment Stent in accordance with national and international standards and guidance
documents. The testing demonstrated that the Zenith Fenestrated AAA Endovascular
Graft with the H&L-B One-Shot Introduction System and Zenith Alignment Stent each
met the respective performance and design specifications.

Preclinical in vivo animal testing was considered unnecessary for the Zenith Fenestrated
AAA Endovascular Graft due to the similarities in the materials of construction with
other Zenith devices tested previously, limitations of appropriate animal models, and -
extensive clinical experience. Preclinical in vivo animal testing was conducted on 9
domestic pigs, using prototypes of the Zenith Alignment Stent, in order to evaluate acute
and chronic performance of the stent. The study was performed to evaluate functional
biocompatibility and safety of the stents in porcine models for 1 month. The results
support the safety and expected clinical performance of the Zenith Alignment Stent.

Biocompatibility testing was leveraged for the Zenith Fenestrated AAA Endovascular
Graft with the H&L-B One-Shot Introduction System based on use of the same materials
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in other Zenith devices that were tested previously. Shorter-term biocompatibility testing
for the Zenith Alignment Stent was performed in accordance with applicable standards,
while longer-term biocompatibility testing for the Zenith Alignment Stent was leveraged
from the Cook Formula Balloon-Expandable Renal Stent. All testing met the
requirements as specified in the applicable standard, ensuring the finished devices are

biocompatible.

Sterilization, packaging, and shelf life for the Zenith Fenestrated AAA Endovascular
Graft and Zenith Alignment Stent were leveraged from related Cook products, with
additional testing performed specific to the Zenith Alignment Stent. The combination of
testing (leveraged and new) demonstrated that the Zenith Fenestrated AAA Endovascular
Graft with the H&L-B One-Shot Introduction System and Zenith Alignment Stent will
maintain a Sterility Assurance Level of 10, The results from the leveraged and newly
performed shelf life testing and packaging testing confirm that the devices will perform
as intended throughout the 3-year shelf life.

B. Safety and Effectiveness Conclusions

The primary endpoint for the pivotal clinical study was a combined safety and

. effectiveness endpoint based on treatment success. The Fenestrated Graft was
successfully placed in all patients, and all vessels accommodated by a fenestration or
scallop were patent at the completion of the procedure. The primary safety and
effectiveness data showed that the 6-month treatment success rate for Zenith Fenestrated
{(97.5%) was similar to that for matched patients treated with Zenith AAA (95%).

There were no ruptures or conversions following treatment with Zenith Fenestrated at any
time point. Only one death was counted as AAA-related because the cause was unknown
and the CEC was therefore unable to adjudicate it — all other deaths in the Zenith
Fenestrated group (3} were determined unrelated to AAA-repair by the CEC.

Pre-specified renal adverse events included renal infarct, renal insufficiency, renal failure
requiring dialysis, and occlusion of a fenestrated renal vessel. There were five patients
with renal infarct {none were associated with a clinical event), each of which occurred in
a patient with some degree of either thrombus or calcification in the seal zone (as well as
a history of infarct and coverage of an accessory renal in dne). Two of three patients with
renal insufficiency in the Zenith Fenestrated group had renal dysfunction prior to
treatment and were considered unrelated to AAA-repair by the CEC, one of which was

also the only patient in the Zenith Fenestrated group requiring dialysis (also unrelated
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according to the CEC). Two patients developed occlusion of a fenestrated renal vessel
(neither was associated with graft migration), one of which had evidence of fenestration
stent compression {from suboptimal stent placement in the mid/upper portion of the
fenestration) that required reintervention. -

There were no reports of Type I or Type III endoleak, and the only reports of aneurysm
growth (2) occurred in patients with a Type Il endoleak. There were 2 reports of
migration, both in patients with evidence of disease progression at follow-up (without
aneurysm pressurization), one of which had associated fenestration stent compression
requiring secondary intervention. One patient was noted to have fracture of a fenestration
stenit as well as the seal stent on the Fenestrated Graft, neither of which resulted in
endoleak, a clinical renal event, or the need for secondary intervention. This batient also
exhibited disease progression at follow-up in the absence of aneurysm pressurization. A
péssible second patient with fenestration stent fracture was identified without a
subsequent clinical renal event or need for reintervention.

The majority of patients who underwent reintervention following treatment with the
Zenith Fenestrated Graft (7 of 11} did so for renal stenosis. There was evidence of
fenestration stent deformation in 2 of 7 patients that underwent reintervention for renal
stenosis (1 from suboptimal stent placement in the mid/upper portion of the fenestration,
and 1 from migration due to progression of disease at follow-up in the absence of
aneurysm pressurization). ‘

C. Overall Conclusion

The data in this application support the reasonable assurance of safety and effectiveness
of this device when used in accordance with the indications for use. The above outcomes
were considered reasonable for the subjects requiring treatment with a fenestrated
endovascular graft. As expected, there were more renal events with the fenestrated
device as compared to the standard version of the endovascular graft. The risks
associated with renal events can be greatly diminished with adequate patient selection
and follow-up.

XIV. CDRH DECISION

CDRH issued an approval order on April 4,2012. The final conditions of approval cited
in the approval order.
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XV. APPROVAL SPECIFICATIONS

Directions for use: See device labeling.

Hazards to Health from Use of the Device: See Indications, Contraindications,

‘Warnings, Precautions, and Adverse Events in the device labeling.

Post-approval Requirements and Restrictions; See approval order.
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Fracture 0.0% 0.0% 2.6% 34% | 00% | 00% | 00% | 0.0%

©42) | (o) | (/39° | (129 | (026) | (0/16) | (01T | (011)

Separation 0.0% 0.0% 0.0% 0.0% | 00% | 00% | 00% | 00%

paa ©/42) | (01 | (039) | (029) | (026) | (0/16) | (0/17) | (0/11)

Other 0.0% 0.0% 7.7% 34% | 00% | 00% | 0.0% | 0.0%

©i2) | @1y | GO Y | (026) | (016) | (©17) | (011)

Patient 0421003: Separation of a single fixation barb. No clinical sequelae related to the barb

separation have been reported.

Z patient 0111009: Separation of a single fixation barb. No clinical sequelae related to the barb

separation have been reported.

? patient 0511008: Separation of two barbs. No clinical sequelae related to the barb separation
have been reported, although radiographic migration {approximately 10 mm over 5 years) was
observed and was due likely to longitudinal progression of disease with further aortic neck

dilatation.

4 patient (0411001 Fractere of sealing stent (at the distal edge of the scallop fenestration) and left

renal fenestration stent {uncovered, balloon-expandable 316L stainless steel biliary/iliac stent), but
in a patient with progressive aneurismal disease within and proximal to the treated segment, which
likely resulted in uncharacteristic tension/loading of the stents. No subsequent renal events,
endoleak, or secondary interventions reported in this patient.
*patient 0511010; Fracture of lefl renal fenestration stent (Zenilh"’ Alignment Stent) not readily
confirmed based on subsequent bench top CT imaging studies that showed the same appearance of
fracture, but in an entirely intact stent.

S patient 1111011: Deformation of fenenstration stent (Zenith® Alignment Stent) with no
measurable graft movement > 5§ mm and not requiring secondary intervention.

7 patient 051 1003: Slight compression of fenestration stent {uncovered, balloon-expandable 3161
stainless stee} biliary stent) with no measurable graft movement > 5 mm. Angioplasty and stent
?Iacement was performed 1539 days post-procedure to treat stenosis.
Patient 0511007: Slight compression of fenestration stent (uncovered, balloon-expandable 316L
stainless steel biliary stent) with no measurable graft movement > 5 mm and not requiring
secondary intervention.
% patient 051 1006: Compression of fenestration stent {(uncovered, balloon-expandable 316L
stainless steel biliary stent) associated with graft migration (approximately 12 mm by 24 months)

due likely to longitudinal progression of disease with further aortic neck dilatation. Angioplasty
and stent placement were performed 883 days post-procedure to treat stenosis,

Table 33 summarizes the site reported reasons for secondary intervention. Of the

11 patients who underwent a secondary intervention, 7 did so because of renal

stenosis (1 associated with graft migration and stent deformation, | associated

with stent deformation without migration). In 4 patients, the peak systolic

velocity was <280 cm/s prior to reintervention. The other reported reasons for

reintervention included renal occlusion in 1, Type II endoleak in 2, and suspected

Type I endoleak in ! {ruled out by angiogram).

Table 33. Reasons for secondary intervention (as reported by site)

Reason 0-30 | 31-365 366-730 | 731-1095 | 1096-1460 | 1461-1825
Days Days Days Days Days Days
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Reason 0-30 | 31-365 366-730 | 731-1095 | 1096-1460 | 1461-1825

Days Days Days Days Days Days
Aneurysm rupture 0 0 [ 0 0 0
Symptoms 0 0 0 0. 0 0
Device/renal sienosis 1t 2%8 Y 1 1® "
Device migration 0 0 0 0 ] 0
Device separation 0 0 0 0 0 0
Occlusion 0 1 0 0 0 0
Devicekink -~ 0 0 0 0 0
Infection 0 0 "0 0 0

Endoleak

Type I proximal | 0 P’ 0 0 0 0
Type I distal [ 0 0 0 0 0 0
Type A {vessel perfusion) | 0 1* 0 0 1 0
Type 1B (vessel perfusion) | 0 0 0. 0 0 0
Type III (graft overlap joint) 0 0 0 0 0 0
Type IV (through graft body) 0 0 0 0 0 0
unknown | 0 0 i o - 0 0
Other 0 0 0 1 1 0

Patient 0211011: Angiography revealed that the right renal artery was severely stenosed.
Attempted cannulation was unsuccessful, as the fenestration stent (Zenith® Alignment Stent) was
not flared at the time of the initial implant procedute. No evidence of graft migration or stent
deformation, suggesting the stenosis may have resulted from local thrombus formation or intimal
hyperplasia within the stented segment.

? patient 0211008: Angiogram demonstrated occluded left renal anery with proximal compression
of the left renal stent (uncovered, balloon-expandabje 316L stainless steel biliary/renal stent),

~ which was treated with iliorenal bypass. Compression without evidence of migration due likely to
suboptimal deployment of the renal stent into the middle/upper portion of the fenestration
3 Patient (1411004: Selective left renal angiography was performed for suspected Type I endoleak.
No type I endoleak was identified; however, Type LI endoleak was identified but not treated.
* Patient 0211010 Persistent Type 1l endoleak was treated by coil embolization.
$ patient 0111008 Right renal artery stenosis {uncovered, balloon-expandable 316L stainless steel
biliary-stent) was treated by angioplasty and additional stent piacement. No evidence of graft
migration or stent deformation, suggesting the stenosis may have resulted from local thrombus
formation or intimal hyperplasia within the stented segment.
€ patient 0111014; Bilateral renal artery stenoses (uncovered, balloon-expandable 316L stainless
steel biliary stent) were treated by angioplasty and additional stent piacement. No evidence of
graft migration or stent deformation, suggesting the stenosis may have resulted from locat
thrombus formation or intimal hyperplasia within the stented segment.
7 patient 0211007 Right renal artery stenosis {uncovered, balloon-expandable 316L. stainless steel
biliary/renal stent) was treated by angioplasty and additional stent placement. No evidence of
graft migration or stent deformation, suggesting the stenosis may have resulted from local
thrombus formation or intimal hypetplasia within the stented segment.
® patient 0511006 Right renal artery stent compression and subsequent stenosis (uncovered,
balloon-expandable 316L. stainless steel biliary stent) treated by angioplasty and stent placement. *
Compression of fenestration stent associated with graft migration (approximately 12 mm by 24
months) due likely to longitudinal progression of disease with further aortic neck dilatation.
? Patient 0511009: Bilateral renat artery stenosis (unicovered, balloon-expandable 316L stainless
steel biliary stent) was treated by bilateral angioplasty and stenting. No evidence of graft
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migration or stent deformation, suggesting the stenosis may have resulted from local thrombus
formation or intimal hyperplasia within the stented segment.

19 patient 0511004; Underwent diagnostic angiogram for suspect Type Lia and Type 111 endoleak,
which were not detected at 1137 days post-procedure; additional intervention performed 1393
days post-procedure, involving laparotomy, suture ligation of IMA, and exploration of aneurysm
sac as treatment for Type Il endoleak with aneurysm growth.

I Patient 0511003 Left renal artery stenosis {uncovered, balloon-expandable 3 16L stainless steel
biliary stent) from stight compression of fenestration stent (with no measurable graft movement >
S mm) treated by angioplasty and stent placement.

5.0 Gender Subset Analysis

Cook evaluated possible sex/gender based differences in outcome following
treatment with the Fenestrated Graft. Table 34 shows the results of this subset
analysis for the primary endpoint (6-month treatment success). The ability to
draw conclusions from this analysis is limited given the small number of females
in the study, which is consistent with the expected demographics distribution for

patients with abdominal aortic aneurysms.

Table 34. 6-month treatment success by gender in the Zenith Fenestrated treatment group
and Zenith AAA control group

Sex Zenith Fenestrated Zenith AAA‘
Female £7.5% (7/8)" 100% (8/8)
Male 100% (32/32) 93.8% (30/32)"

%Ome faifure due to bowel ischemia — patient recovered with antibiotics and I'V fluids,
PFailure due to congestive heart failure in one and congestive heart failure as well as cardiac
ischemia requiring intervention in another

XI. Summary of Supplemental Clinical Information

Over 200 patients have been treated with the Zenith Fenestrated AAA Endovascular
Graft, beginning in 2001, as part of a single-center Cook-sponsored study and a
physician-sponsored study. For the physician-sponsored study, follow-up was originally
planned for 2 years, with 2-year study data available for- 121 patients. Longer-term data
were provided for patients agreeing to return for additional follow-up.

While not observed in the multi-center study, there were six patients with component
separation (one resulting in rupture), each occurring on or after the 2-year follow-up and
requiring reintervention. There have since been no reports of component separation in

_ patients treated with graft component lengths that were selected to preserve a minimum

2-stent overlap over time.

As with component separation, and with consideration to patients treated with either a
fenestrated or visceral branch endovascular graft, there have been reports of problems
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involving renal/visceral stents. Occlusion occurred in 3.5% (18/518) of stents placed.
Stenosis occutred in 6.9% (36/518) of stents placed, of which 19.4% (7/36) required

reintervention. The incidence of stent fracture requiring reintervention was 66.7% (8/12).

Overall, there appeared no unique safety or effectiveness concerns based on the
supplemental information from these sources.

XI1. Panel Meeting Recommendation and FDA’s Post-panel Action

In accordance with the provisions of section 515(c)(2) of the act as amended by the Safe
Medical Devices Act of 1990, this PMA was not referred to the Circulatory System
Devices Panel, an FDA advisory committee, for review and recommendation because the
information in the PMA substantiatly duplicates information previously reviewed by this
panel.

XIIL. Conclusions Drawn from Preclinical and Clinical Studies
A. Preclinical Conclusions

Comprehensive preclinical bench testing was performed on the Zenith Fenestrated AAA
Endovascular Graft with the H&L-B One-Shot Introduction System and Zenith
Alignment Stent in accordance with national and international standards and guidance
documents. The testing demonstrated that the Zenith Fenestrated AAA Endovascular
Graft with the H&L-B One-Shot Introduction System and Zenith Alignmcnt Stent each
met the respective performance and design specifications.

Preclinical in vivo animal testing was considered unnecessary for the Zenith Fenestrated
AAA Endovascular Graft due to the similarities in the materials of construction with
other Zenith devices tested previously, lirnitations of appropriate animal models, and
extensive clinical experience. Preclinical in vivo animal testing was conducted on 9
domestic pigs, using prototypes of the Zenith Alignment Stent, in order to evaluate acute
and chronic performance of the stent. The study was performed to evaluate functional
biocompatibility and safety of the stents in porcine models for | month. The results
support the safety and expected clinical performance of the Zenith Alignment Stent.

Biocompatibility testing was leveraged for the Zenith Fenestrated AAA Endovascular
Graft with the H&L-B One-Shot Introduction System based on use of the same materials
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in other Zenith devices that were tested previously. Shorter-term biocompatibility testing
for the Zenith Alignment Stent was performed in accordance with applicable standards,
while longer-term biocompatibility testing for the Zenith Alignment Stent was leveraged
from the Cook Formula Balloon-Expandable Renal Stent. All testing met the
requirements as specified in the applicable standard, ensuring the finished devices are

biocompatible.

Sterilization, packaging, and shelf life for the Zenith Fenestrated AAA Endovascular
Graft and Zenith Alignment Stent were leveraged from related Cook products, with
additional testing performed specific to the Zenith Alignment Stent. The combination of
testing (leveraged and new) demonstrated that the Zenith Fenestrated AAA Endovascular
Graft with the H&L-B One-Shot Introduction System and Zenith Alignment Stent will
maintain a Sterility Assurance Level of 10°%, The resuilts from the leveraged and newly
performed sheif life testing and packaging testing confirm that the devices will ﬁerform
as intended throughout the 3-year shelf life.

R. Safety and Effectiveness Conclusions

The primary endpoint for the pivotal clinical study was a combined safety and

. effectiveness endpoint based on treatment success. The Fenestrated Graft was
successfully plaéed in all patients, and all vessels accommodated by a fenestration or
scallop were patent at the completion of the procedure. The primary safety and
effectiveness data showed that the 6-month treatment success rate for Zenith Fenestrated
(97.5%) was similar to that for matched patients treated with Zenith AAA {95%).

There were no ruptures or conversions following treatment with Zenith Fenestrated at any
time point. Only one death was counted as AAA-related because the cause was unknown
and the CEC was therefore unable to adjudicate it — all other deaths in the Zenith
Fenestrated group (3) were determined unrelated to AAA-repair by the CEC.

Pre-specified renal adverse events included renal infarct, renal insufficiency, renal failure
requiring dialysis, and occlusion of a fenestrated renal vessel. There were five patients
with renal infarct (none were associated with a clinical event), each of which occurted in
a patient with some degree of either thrombus or calcification in the seal zone (as well as
a history of infarct and coverage of an accessory renal in dne). Two of three patients with
renal insufficiency in the Zenith Fenestrated group had renal dysfunction prior to
treatment and were considered unrelated to AAA-repair by the CEC, one of which was
also the only patient in the Zenith Fenestrated group requiring dialysis (also unrelated
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according to the CEC). Two patients developed occlusion of a fenestrated renal vessel
(neither was associated with.graﬁ migration), one of which had evidence of fenestration
stent compression {from suboptimal stent placement in the mid/upper portion of the
fenestration) that required reintervention.

There were no reports of Type I or Type III endoleak, and the only reports of aneurysm
growth (2) occurred in patients with a Type Il endoleak. There were 2 reports of
migration, both in patients with evidence of disease progression at follow-up (without
aneurysm pressurization), one of which had associated fenestration stent compression
requiring secondary intervention. One patient was noted to have fracture of a fenestration
stent as well as the seal stent on the Fenestrated Graft, neither of which resulted in
endoleak, a clinical renal event, or the need for secondary intervention. This patient also
exhibited disease progression at follow-up in the absence of aneurysm pressurization. A
péssib!e second patient with fenestration stent fracture was identified without a
subsequent clinical renal event or need for reintervention.

The majority of patients who underwent reintervention following treatment with the
Zenith Fenestrated Graft (7 of 11) did so for renal stenosis. There was evidence of
fenestration stent deformation in 2 of 7 patients that underwent reintervention for renal
stenosis (1 from suboptimal stent placement in the mid/upper portion of the fenestration,
and 1 from migration due to progression of disease at follow-up in the absence of

aneurysm pressurization).

C. Overall Conclusion

The data in this application support the reasonable assurance of safety and effectiveness
of this device when used in accordance with the indications for use. The above outcomes
were considered reasonable for the subjects requiring treatment with a fenestrated
endovascular graft. As expected, there were more renal events with the fenestrated
device as compared to the standard version of the endovascular graft. The risks
associated with renal events can be greatly diminished with adequate patient selection
and follow-up.

XIV. CDRH DECISION

CDRH issued an approval order on April 4, 2012, The final conditions of approval cited
in the approval order.
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XV. APPROVAL SPECIFICATIONS
Directions for use: See device labeling.

Hazards to Heaith from Use of the Device: See Indications, Contraindications,
Wamings, Precautions, and Adverse Events in the device labeling.

Post-approval Requirements and Restrictions: See approval order.
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